(1) Laboratoire [3, 4] , so data concerning DNA visualization on HOPG have to be considered with caution. The Atomic Force Microscope (AFM), for which no conductivity is needed, is often used to observe organic or biological molecules deposited on the surface of mica [reviews in [5] [6] [7] . Recently, an increasing number of papers have shown images of non ambiguous double-stranded DNA [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , RNA [18] and even single-stranded DNA [16, 17] [20] [21] [22] [23] or a 2D arrangement [24] [25] [26] .
All biological objects, especially DNA molecules, either free or in association with proteins, need to be firmly attached to the support and randomly distributed so that biologically relevant phenomena can be observed and selected with Transmission Electron Microscopes (TEM) [27] , AFM or STM. The adsorption of DNA molecules onto mica was first introduced by Hall [28] and has been traditionally used for deep-etching cryotechniques [29] . Various [32] . Multicatalytic proteinase from Thermoplasma acidophilum was a gift from W Baumeister [33] . TMV was a gift from J. Witz (Strasbourg, France). These samples have to be diluted in suitable buffers or water to get an adequate concentration on a hydrophilic glow-discharged carbon-coated grid, or on non pretreated cleaved mica. Similar ranges of concentrations were suitable for both types of support. Proteins and TMV preparations were processed for TEM observation as already described for a2M [32] .
Rabbit muscle actin was kindly provided by A Bremer (M.E. Müller Institute, Biocentrum, Basel, Switzerland). The filaments were assembled and stabilized at a concentration of 1 mg/ml in 2.5 mM imidazole, pH 7.4, 0.2 mM CaCl2, 2 mM MgCl2, 50 mM KC1, 0.2 mM NaATP and 50 mM phalloidin, according to [34] . The Replicas were made in a MED 010 Balzers apparatus, with a electron gun for the evaporation of Pt/C or Pt/Ir/C pellets disposed at the end of a carbon rod [35] . The different conditions of metallization are described later. Replicas for TEM observation were floated off the mica onto a water bath and deposited onto 300 mesh bare grids.
Some metallizations were made by evaporating a thick layer of Pt/Ir/C on the molecules adsorbed onto the mica. The metal deposit was then coated with collodion and the replica was floated off the mica and picked up with a glass coverslip which sticks to the upper surface of the replica. The rear surface of this replica which was facing the mica, was then accessible for AFM or STM examination as already described [7, 36, 37] .
Replicas were observed by TEM with a Zeiss 902 in Electron Spectroscopic Imaging (ESI) obtained by selecting a band width of 20 eV inelastic electrons in the range of 60-120 eV energy losses. ESI provides very contrasted images with a reverse contrast [38, 39] . AFM (Fig. 2h) .
The observation of the rear surface of the thick replicas, which was facing the mica, reveals the molecules embedded in the metal film (Figs. 2i, j) . Images obtained in the AFM repulsive mode show the rather low height of the molecules (Fig. 2i) , and the friction mode (Fig. 2j) demonstrates the presence of the molecules which appear in reverse contrast, compared to that obtained in the repulsive mode.
STM observation of the back of such replicas is easier than that of shadowed specimens, since the surface facing the mica is flat, because the molecules are embedded in the metal deposit. With reversed contrast, the actin filaments exhibit an apparent width and depth of 10-20 nm and 6-14 nm, respectively, which are still higher than TEM measurements, but smaller than that obtained in AFM (data not shown). Thus, we used mica pieces which were cleaved from about one hour to several days prior. They were kept in a Petri dish in the air, and no particular precautions were taken to protect them from humidity or contamination due to the surrounding atmosphere. This absence of deterioration of the adsorption properties is quite puzzling, for it is known that once cleaved, mica is rapidly contaminated with water and air gases. Several mica samples obtained from an insulator manufacturer or electron microscopy suppliers were tested and gave similar good results. The relative humidity (RH) conditions when observing the molecules were not controlled since no problem was encountered whatever the RH. It was however noted that freshly prepared samples observed in air were fragile under the tip, and that samples kept in air for weeks has a tendency to get a dirty background.
DNA molécules bound to the mica were observed in différent conditions and compared, at the same magnification, to the replicas seen in TEM (Fig. 4a) . Figure 4b shows the deflection mode which provides a relief image, compared to the normal repulsive mode (Fig. 4c) , which can also be presented in 3D (Fig. 4d) (Fig. 4g) were far better. Figures 4h and 4i show, at identical magnifications, molecules scanned with a Si tip in propanol (Fig. 4h) and in air (Fig. 4i) , the former condition being the best.
The contour length of the molecules was measured with a PC computer-driven digitizer, which showed that the size of the circular pBR322 is very reproducible (1.446 ± 0.028 pm for 25 measurements on AFM images, at a magnification of 25,000, according to the scale provided by the NanoScope, the actual size of this plasmid is 1.483 pm for 4363 base pairs and 3.4 À/base pair). Similarly reproducible results were obtained by measuring the double-stranded circular replicating forms of ~X174 bacteriophage. In specimens observed in air with a traditional Si3N4 cantilever, the mean apparent height of DNA is about 1.4 nm, and the apparent width about 22 nm (Fig. 4d) . This discrepancy between the theoretical 2 nm diameter of DNA and the measured height and width is probably mainly due to the huge radius of curvature of the tip in relation to that of the molecules, as already discussed [8] [9] [10] [11] [12] . DNA molécules with an apparent width of about 13 nm are obtained with Si tips operated in air (Fig. 4i) , and 10 nm when these Si tips are used in a propanol (Fig. 4h) . Even smaller values (8 nm) have been obtained in air when using the "1àppingModeTM" (Fig. 4j) . Here the DNA filament presents a 12-16 nm roughly periodic structure which in fact does not correspond to the double helix pitch, but could represent the local accumulation of uranium clusters onto the DNA, as already observed on stained DNA molecules observed in dark-field TEM or STEM [43] .
The observation in air with a Si tip of the rear face of a Pt/Ir/C replica in the repulsive mode shows the DNA molécules embedded in the metallic film, with a faint contrast (Fig. 4k) . In the friction mode, the same field shows that the DNA is clearly visible, although the resolution is poor (Fig. 41) .
STM observations. The most simple procedure, which allowed the molecules to be clearly depicted (Figs. 5a, b) , consisted in adsorbing the DNA onto the mica as described earlier for AFM observation, and covering it with a thin layer of Pt/C or Pt/Ir/C. The (a, b, c &#x26; g ), 200 nm (h, i, k &#x26; 1), 100 nm (e &#x26; f) or 60 nm (j). Fig. 3 are covered with a thin layer of Pt/Ir/C and observed in a NanoScope II STM. Numerous molecules can be observed as shown in Fig. 3 . With high magnification it is possible to show that the apparent width of the DNA is of the order of 7-8 nm. c) As DNA adsorbed onto glow-discharged Pt/C layer onto mica is non conductive, an additional layer of metal is necessary to see the molecules. d &#x26; e) Observation of the rear face of a Pt/Ir/C replica showing in reverse contrast the contact plane of the molecules with the mica. High magnification shows the furrow-like image of the DNA molecule embedded in the conductive film. f) As DNA adsorbed onto glowdischarged HOPG is non conductive, the actual presence of the molecules is demonstrated by observing metallized samples. The scale represents 80 nm (a, c, d &#x26; f) or 20 nm (b &#x26; e).
Pt/C-coated mica with the help of Mg2+ could not be transported for naked DNA which did not bind to such a support; a glow discharge in the presence of pentylamine was necessary for its adsorption [42] . Unfortunately, this treatment makes the sample non conducting, and a thin metallization perpendicular to the mica substrate was necessary (Fig. 5c ). This leads to background granularity which is greater than that obtained with DNA adsorbèd onto coated mica (Fig. 5a) . Nevertheless, the apparent size of the DNA (height: 2 nm, width: 10 nm) is only slightly higher than that obtained with a single metallization.
The observation of the mica bound surface of the DNA molecules embedded in a thick layer of Pt/Ir/C gives an image of the contact zone between the DNA and the mica. The molecules with no distinguishable fine structure, appear in negative contrast, indicating a weaker conductivity of the molecules compared to that of the conductive background (Figs. 5d, e) . The width of these 1.8 nm deep furrow-like images is 2-4 nm, although there is considerable roughness in relation to background granularity (Fig. 5e) .
Before definitely rejecting HOPG as a potential support for the observation of DNA in STM, attempts were made to bind naked DNA to its surface as a control test. As expected, the results were similar to those for the carbon or Pt/C support: no DNA bound unless a glow-discharge in the presence of pentylamine was applied. Such a sample was shadowed and showed the presence of DNA, even though the quality of the images was very unsatisfactory (Fig. 5f ). [17] should be avoided since it obtructs the visualization of DNA itself. Assays with BAC, a detergent used to facilitate the spreading of DNA could be tested even if the already published images remain difficult to interpret [46] . Drying of a DNA solution deposited on mica [15, 47] , the chemical modification of the surface [48] or electrodeposition [49, 50] still fail to provide satisfactory results, although double-stranded DNA and RNA molecules bind easily and reproducibly onto mica treated with 3-aminopropyltriethoxy silane (APTES) [18] .
The best published AFM images of DNA have been obtained with specially designed super tips operated in a propanol environment [12, 13] . We confirm the need for sharp tips and the help of propanol to image the molecules, although the apparent width of our DNA molecules obtained with Nanoprobe Si tips in air, was nearly twice as thin as that obtained with the traditional Si3N4 cantilevers.
We were able to measure the length of plasmid DNA with very reproducible results, in contrast to some reports [8, 11, 16] . Similar faithful length measurements were also reported for RNA adsorbed onto APTES-treated mica [18] : the results were comparable to those obtained by traditional electron microscopy. Despite the conclusion of these authors, it must be kept in mind that the observation of stained molecules by dark-field in an electron microscope connected to a computer via a TV camera remains the most efficient system for the analysis of nucleic acid molecules and DNA-protein complexes [27] . Obviously, the digital acquisition of data is easily obtained with AFM or STM which will be a real competitor for electron microscopy in this field.
The visualization of either double-or single-stranded simple DNA molecules seems to pose problems for many people, and the use of TEM to test the spreading conditions is highly recommended [9, 10] , since electron microscopy is still the reference method for imaging nucleic acid structures. Thus the attempts to observe unconventional nucleic acid structures directly by AFM [46, 47] or STM must still be considered premature.
Since highly corrugated spécimens are not accessible to high resolution imaging, it was proposed that the surface of the object facing the substrate be imaged as the specimen is embedded in a conducting layer [7, 36, 37] . We have used this method to observe the contact surface between the Pt/Ir/C layer and the mica covered with actin filaments or DNA molecules, our results, which show that the material actually remains in the replica, and that the biological objects can be observed both in AFM and STM, confirm those already published [7, 36] . The observation of the mica-bound surface of the DNA molecules embedded in a thick layer of Pt/Ir/C should allow us to image the contact zone between the DNA and the mica. We cannot affirm that binding and the detachment of the mica do not alter the biological molecule; however, the shadowing of the mica for control purposes, after its detachment from the Pt/Ir/C replica, demonstrated that the DNA had indeed been removed and was therefore embedded in the metallic layer. Measurement in STM of the apparent widths of DNA and actin filaments in these casts gave the smallest values, which were close to their actual diameter. The images of proteins and perhaps that of DNA could probably be enhanced if the shadowing conditions were optimized as described by Wepf et aL [35] , using accurate thickness measurements of the metal deposited on lyophilized specimens.
The use of STM for the visualization of DNA adsorbed onto a support was rather difficult since spontaneous adsorption was obtained onto mica only, and a metal coating was needed to obtain a conductive preparation. Nevertheless, owing to the different modes of imaging of STM compared to AFM, the apparent width measurements in STM were often better than that obtained with AFM in the best conditions. If it is possible to obtain and understand conduction through biological spécimens, then the use of conductive supports on which molecules are tightly bound by chemical grafting [52, 
